Genetically encoded stress indicator for noninvasively imaging endogenous corticosterone in living mice.
Physical and emotional stress is one of the major controllers of physiological reactions and homeostasis in living animals. A stress hormone, corticosterone, is secreted from the adrenal cortex into the blood vessels when animals sense the stress. The quantitative evaluation of corticosterone in living animals has been limited because of the unavailability of suitable methods in vivo. For a noninvasive molecular imaging of the stress, we developed a method for detecting physiological increases in the endogenous corticosterone caused by exo- and endogenous stress in living animals. We constructed a pair of genetically encoded indicators composed of cDNAs of glucocorticoid receptor (GR), split Renilla luciferase (RLuc), and a Synechocystis sp. DnaE intein. The GR fused with C-terminal halves of RLuc and DnaE is localized in the cytosol, whereas a fusion protein of N-terminal halves of RLuc and DnaE is localized in the nucleus. If corticosterone induces GR translocation into the nucleus, the C-terminal RLuc meets the N-terminal one in the nucleus, and full-length RLuc is reconstituted by protein splicing with DnaE. Cell-based methods provided a quantitative bioluminescence assay of the extent of GR translocation into the nucleus. We further demonstrated that the indicator enabled noninvasive imaging against two different types of imposed stress: a forced swimming and metabolic perturbation caused by 2-deoxy-D-glucose. This stress indicator should be valuable for screening pharmacological compounds and for tools to study the mechanism of physiological stress.